INTRODUCTION
============

The total fertility rate in the Republic of Korea (ROK) steadily declined from 4.53 in 1970 to 1.08 in 2005, reflecting delayed marriage and more couples having fewer children \[[@B1]\]. The mean maternal age for all births increased from 28.0 in 1995 to 30.2 in 2005 \[[@B1]\]. A more concerning national statistic, however, is the decline in the mean birth weight from 3.34 kg in 1995 to 3.26 kg in 2005. The percentage of babies born with a low birth weight (LBW), defined as a birth weight \< 2500 g \[[@B2]\], increased from 3.0% to 4.3% during the same period \[[@B1]\].

The mother\'s age at delivery and parity are associated with infant birth weight. Women \< 20 years and ≥ 30 years of age have a higher LBW rate than women 20-29 years of age \[[@B1],[@B3]-[@B5]\]. The LBW rate is higher for first births than second and third births, then increases as the birth order increases beyond four \[[@B1],[@B6]\]. Advanced maternal age and the proportion of first-born infants in women ≥ 30 years of age may have contributed to the increase in the LBW rate in the ROK \[[@B1],[@B3]-[@B6]\]. There was also a steady increase in the rate of multiple births, from 1.3% in 1995 to 2.2% in 2005 \[[@B1]\]. The increase in the multiple birth rate may also have contributed to the increase in the preterm birth and LBW rates \[[@B1],[@B4]\].

Birth weight is one of the most sensitive and accessible indicators of newborn health and is directly related to the gestational age. Birth weight has a great significance because it is strongly associated with infant mortality, developmental problems in childhood, and the risk of various diseases in adulthood, including diabetes, hypertension, and cardiovascular conditions \[[@B7]-[@B10]\]. Therefore, the identification of factors related to the increase in the LBW rate and the prevention of LBW births are important and urgent public health issues.

Although the association of maternal age and parity with the LBW rate is well-established, to our knowledge, only one study that measured the impact of shifts in maternal age and parity on the increase in the LBW rate has been published \[[@B11]\]. Yang et al. \[[@B11]\] evaluated the effects of changes in the distribution of maternal age and parity (AP-dis) and changes in the age- and parity-specific LBW rate (AP-spe) on the LBW trends in the United States between 1980 and 2000 using a decomposition method; however, one of the limitations of the study was that the analysis was restricted to singleton births.

If the AP-spe remains constant over time, increasing trends in the LBW rate may be predominantly attributed to changes in the AP-dis. On the contrary, if the AP-spe changes over time, increasing trends in the LBW rate may be attributed to changes in such risk factors for LBW births as personal lifestyles, environmental factors, and obstetrical practices \[[@B11]-[@B16]\]. Thus, we evaluated these two components of changes in the LBW rate for singleton and multiple births separately between 1995 and 2005 in the ROK.

METHODS
=======

I. Research Data
----------------

We obtained raw data for all live births registered at the National Statistical Office of the ROK for the period between 1995 and 2005. There were 6 397 945 registered births, and the analysis was conducted for 6 361 162 births after excluding 36 783 births that had recorded a birth weight \< 500 g or missing data for birth weight, birth plurality, maternal age, and/or parity. Although both the gestational age and birth weight were recorded on the birth certificate, we used the birth weight data alone because it was more accurately recorded than the data on gestational age.

II. Data Analysis
-----------------

The LBW rate was calculated for each year between 1995 and 2005. The Cochran-Armitage trend test was used to test the significance of trends in the LBW rate over a 10-year period. Differences in the AP-dis or AP-spe between 1995 and 2005 were tested by a chi-square test or Fisher\'s exact test. To evaluate statistical significance, a two-sided significance level of 0.05 was used. Statistical analysis was performed using SAS version 9.1 (SAS Inc., Cary, NC, USA).

To partition the increase in the LBW rates between 1995 and 2005 into the increase due to changes in the AP-dis and the increase due to changes in the AP-spe, we used the following standardization method, as modified by the authors \[[@B17]-[@B19]\].

The standard population is cross-tabulated by age, where i=1, 2, \..., i (≤19, 20-24, 25-29, 30-34, 35-39, and ≥40), and parity, where j=1, 2, \..., j (1, 2, and ≥ 3). The AP-spe is

where mij is the LBW rate of ij-th cells, l~ij~ the number of LBW births in the ij-th cells, and b~ij~ the number of births in the ij-th cells. The asterisk denotes the standard population. The overall LBW rate, M, is

where L is the total number of LBW births, and B the total number of births. The ratio of m^\*^~ij~ to M^\*^ , k^\*^~ij~ is

If the AP-spe did not change since 1995 (standard population) and remained the same in 2005 (study population), but the AP-dis of births changed over the time period, then the changes in the risk of LBW births in the study population due to changes in the AP-dis can be given by

where ![](jpmph-44-111-i005.jpg) is the proportion of births in 2005 in the ij-th cells. K is named the age-parity score, which can be directly interpreted as the percentage difference in the LBW rate with reference to the standard population.

In our analysis, the expected LBW rate in 2005 was K multiplied by the LBW rate in 1995. Subsequently, changes in the LBW rate due to changes in the AP-dis (AP-dis_ΔLBW) and AP-spe (AP-spe_ΔLBW) can be calculated as follows:

AP-dis_ΔLBW = expected LBW % in 2005 - LBW % in 1995

AP-spe_ΔLBW = observed LBW % in 2005 - expected LBW % in 2005

We calculated these two components for singleton and multiple births separately. This study was approved by the Institutional Review Board of Daegu Catholic University Medical Center.

RESULTS
=======

Between 1995 and 2005, the total number of live births decreased by 39.2%, from 712 750 births in 1995 to 433429 births in 2005. The multiple birth rate steadily increased from 1.32% in 1995 to 2.19% in 2005, which was statistically significant (*p*~trend~ \< 0.001). During the same period, the LBW rate increased by 1.26% points, from 3.02% to 4.28% (*p*~trend~ \< 0.001). When the LBW rate was calculated for singleton and multiple births separately, statistically significant trends were also observed (*p*~trend~ \< 0.001). The LBW rate for singleton births increased from 2.57% in 1995 to 3.25% in 2005. The LBW rate for multiple births was 14-16 times higher than that for singleton births and increased from 36.70% to 50.33% during the same period ([Table 1](#T1){ref-type="table"}).

[Table 2](#T2){ref-type="table"} shows changes in the AP-dis by plurality between 1995 and 2005. Among both singleton and multiple births, there was a statistically significant shift in the AP-dis to the ≥ 30-year age groups in 2005 (p \< 0.001). [Table 3](#T3){ref-type="table"} shows the AP-spe by plurality in 1995 and 2005. Among singleton births in 1995, the rates for the first and second babies of mothers 20 - 29 years of age, the third babies of mothers 25-29 years of age, and the second and third babies of mothers 30-34 years of age were near to or lower than 2.57% (the LBW rate among all singleton births in 1995), while the rates for the remainder of the age-parity groups were much higher than 2.57%. Among multiple births in 1995, the rates for the maternal age between 20 and 39 years were not as variable as the rates for the same maternal age groups among singleton births. Statistically significant increases in the AP-spe in 2005 were observed in 9 of 18 age-parity groups among singleton births and 8 of 17 age-parity groups among multiple births (p \< 0.05).

The calculation process to separate out the contribution of changes in the AP-dis and AP-spe to the total increment in the LBW rate is summarized in [Table 4](#T4){ref-type="table"}. Among singleton births, the absolute LBW rate increased by 0.64% points, from 2.54% points in 1995 to 3.18% points in 2005 (25.2% increment). The absolute percentage points of the increase in the LBW rate due to changes in the AP-dis were 0.32 (50.0% of the increase). Among multiple births, the absolute LBW rate increased by 0.62% points, from 0.48% points to 1.10% points during the same period (129.2% increment) and accounted for nearly one-half of the LBW rate increase among all live births. The age-parity score of multiple births for 2005 was 0.999, which means no contribution of changes in the AP-dis to changes in the LBW rate. All of the LBW rate increment among multiple births was attributed to the increase in the AP-spe.

Consequently, a total of 0.32% points, which accounted for 25.4% of the overall increase of 1.26% points, were attributed to changes in the AP-dis, and occurred only among singleton births. The absolute percentage points of the increase in the LBW rate due to changes in the AP-spe were 0.32 (50.0% of the increase) among singleton births, 0.62 (100.0% of the increase) among multiple births, and a total of 0.94, which accounted for 74.6% of the overall increase of 1.26% points.

DISCUSSION
==========

In this study, we evaluated the effects of changes in the AP-dis and the AP-spe on the LBW trends in the ROK between 1995 and 2005 for singleton and multiple births separately. Our study revealed that nearly one-half of the total increase in the LBW rate during the time period occurred among singleton births and the other half occurred among multiple births.

When the impact of the shifts in maternal age and parity on the increase in the LBW rate was evaluated by calculating the age-parity score, one-half of the increase in the LBW rate among singleton births was attributed to changes in the AP-dis, primarily the shift in maternal age to the ≥ 30 - year age groups. The remainder of the increase in the LBW rate among singleton births was attributed to changes in the AP-spe.

Given recent trends in delayed marriage and childbearing in the ROK and the association of maternal age and parity with the LBW rate, the noticeable impact of the shifts in maternal age and parity on the increase in the LBW rate among singleton births was what we had expected. The impact of the shifts in maternal age and parity observed in our study was greater than that reported in the United States \[[@B11]\]. In a study conducted in the United States \[[@B11]\], among white, singleton, liveborn infants, 32.5% of the increased rate of very LBW (VLBW) and 7.4% of the increased rate of LBW between 1980 and 1990 were associated with changes in the AP-dis. Among black infants, 15.9% of the increased rate of VLBW and 38.2% of the increased rate of LBW were associated with changes in the AP-dis during the same period. The difference in the contribution of the shifts in maternal age and parity to the increase in the LBW rate between the current study and the study in the United States may be related with racial difference, and degree of a shift in age and parity distribution.

Although the multiple birth rate increased by 0.87% points, from 1.32% in 1995 to 2.19% in 2005, nearly one-half of the total increment in the LBW rate during this time period occurred among multiple births. This was because the LBW rate for multiple births was very high (36.70% in 1995 and 50.33% in 2005).

When the impact of the shifts in maternal age and parity on the increase in the LBW rate was evaluated by calculating the age-parity score, changes in the AP-dis did not contribute to the increase in the LBW rate among multiple births because even though there was a statistically significant shift in the AP-dis between 1995 and 2005, the AP-spe for the mothers 20 - 39 years of age, where the majority of multiple births was distributed, showed a minor variation. In contrast, the AP-spe for these age groups increased significantly in 2005. As a result, the total increment in the LBW rate among multiple births was attributed to changes in the AP-spe.

The increase in the multiple birth rate was most likely associated with increased utilization of assisted reproduction techniques (ART) for infertile couples. The cause of infertility among these couples might be partly associated with advanced maternal and paternal ages. The Korean Society of Obstetrics and Gynecology reported in their annual report on ART that 15 619 treatment cycles were performed in 2000 and 19 149 treatment cycles were performed in 2005. In 2005, the proportion of multiple embryo transfers was 90.0%. The twin rate of in vitro fertilization and intracytoplasmic sperm injection was 34.9% and the triplet rate was 0.5% \[[@B20]\]. The twin and triplet rates are directly related to the number of transferred embryos \[[@B21]\]. It is desirable to regulate the number of transferred embryos that had shown a remarkable impact on reducing the multiple birth rate in Sweden \[[@B22]\]. In addition, advances in embryo selection techniques and other techniques relevant to ART are essential to improve the clinical pregnancy rate in single embryo transfers.

The reasons for the increase in the AP-spe among singleton and multiple births could not be determined from the birth registry data. However, there have been several studies that suggest possible explanations for the increase in the AP-spe among singleton and multiple births. First, the distribution of the body mass index of young women in the ROK was shifted to two tails, overweight and underweight \[[@B23],[@B24]\]. Epidemiologic studies have revealed that underweight women, as well as overweight and obese women, have an increased risk of preterm and LBW births \[[@B25]-[@B28]\]. Second, maternal occupation during pregnancy has been reported to be associated with pregnancy outcomes, including preterm and LBW births \[[@B29]\]. Increased economic activity in the service sector among young women \[[@B30]\] might have been associated with the LBW rate. Third, lifestyle factors, including maternal cigarette smoking, have been proposed to be associated with an increased risk of preterm and LBW births. Although there is limited evidence on trends in maternal cigarette smoking during pregnancy, increasing trends in cigarette smoking among young women were observed in the national survey data in the ROK \[[@B23],[@B24]\]. Fourth, ambient air pollution has also been suggested as a contributor to the increase in the LBW rate in the ROK \[[@B16]\].

Recent advances in medical technology and changes in obstetrical practices might be associated with a decrease in fetal deaths, which consequently lead to increased rates of LBW or preterm births. Furthermore, obstetrical practices, such as labor induction and cesarean delivery at preterm gestation, may be associated with increased rates of LBW or preterm births. However, the rate of cesarean section in the ROK decreased from 40.5% in 2001 to 37.1% in 2005 \[[@B31]\]. The impact of health care practices, including obstetric interventions, on the LBW rate needs to be explored in future studies.

The limitations of this study include the possibility of inaccurate recording of birth weights in the birth certificates and subsequent misclassification of LBW. However, there is no basis for suspecting changes in the accuracy of birth weight recording over the study period. By using the data regarding the groups of registered births in each year from 1995 to 2005, we attempted to show the relative contribution of the two components, changes in the AP-dis and AP-spe, to the increase in the LBW rate.

In conclusion, this study demonstrated that shifts in maternal age and parity among singleton births and increased multiple births were important contributors to the increment in the LBW rate between 1995 and 2005 in the ROK. This study also revealed that the increase in the AP-spe was an equally important contributor as the shifts in maternal age and parity to the increment in the LBW rate among singleton births and was a major contributor among multiple births. Further studies are warranted to define the causes of the AP-spe increase. In terms of policy implications of our study, considering the worldwide trends in delayed marriage and childbearing, increasing trends in the LBW rate is not likely to be reversed by medical interventions alone. To reduce the LBW rate, public health services and social interventions to facilitate pregnancy at a physiologically optimal age and quality control of ART are recommended.
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All live births, singleton and multiple births, singleton and multiple birth rates, and low birth weight (LBW) rate from 1995 to 2005 in the Republic of Korea
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Live births with a birth weight \< 500 g and missing data for birth weight, birth plurality, maternal age, and/or parity were excluded from the analysis.

^\*^*p*~trend~ \< 0.001 calculated by the Cochoran-Armitage trend test.
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Distribution of maternal age and parity of births in 1995 and 2005 by plurality in the Republic of Korea (n (%))
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^1^*p*-value calculated by a chi-square test.
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Maternal age- and parity-specific low birth weight rate (%) in 1995 and 2005 by plurality in the Republic of Korea
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Differences in the age- and parity-specific low birth weight rate for the same age-parity groups by plurality between 1995 and 2005 were tested by a chi-square test or Fisher\'s exact test.

^\*^*p* \< 0.05 calculated by a chi-square test.
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Calculation process of changes in the low birth weight (LBW) rate due to changes in the distribution of age and parity (AP-dis) and changes in the age- and parity-specific LBW rate (AP-spe) among singleton and multiple births between 1995 and 2005 in the Republic of Korea
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